Peptide-induced aggregation of glutathione-capped gold nanoclusters: A new strategy for designing aggregation-induced enhanced emission probes.
A series of polymers and metal ions have been observed to be useful in triggering aggregation-induced emission (AIE) and AIE enhancement (AIEE) of thiolated gold nanoclusters (AuNCs). However, peptide-induced AIEE of thiolated AuNCs and their applications in biosensors have rarely been investigated. In this study, we showed that positively charged peptides induced efficient AIEE of negatively charged glutathione-capped AuNCs (GSH-AuNCs) through electrostatic attraction. In contrast to GSH-AuNCs, polyarginine (polyArg), a cationic peptide, stimulated the AIEE of the GSH-AuNCs, resulting in a 3.5-fold luminescence enhancement, 10-fold enhancement in quantum yield, 8-nm blueshift in the luminescence maximum, and a 2.1-fold increase in the mean luminescence lifetime. Four different AIEE-based biosensors with excellent selectivity and acceptable sensitivity were fabricated using cationic peptides as an AIEE-active trigger and as a biorecognition element. A heparin biosensor with a limit of detection (LOD) of 3 nM was constructed by combining AG73 peptide-mediated AIEE of the GSH-AuNCs and the specific interaction of AG73 peptides with heparin macromolecules. The concentration of human trypsin was selectively detected at a concentration as low as 1 nM using an arginine-glycine repeat peptide as an enzymatic substrate and as an AIEE-active trigger. Alkaline phosphatase (ALP)-catalyzed dephosphorylation of phosphopeptides paired with the corresponding product-mediated AIEE of the GSH-AuNCs was used for ALP sensing with an LOD of 0.3 U L-1. A peptide consisting of a cyclic RGD unit and an AIEE-active unit was designed to synthesize RGD-modified GSH-AuNC aggregates that can target αvβ3 integrin receptors. These AIEE-based sensors were practically applied for the quantitative determination of heparin in human plasma, trypsin in human urine, and ALP in human plasma as well as for luminescent imaging of αvβ3 integrin-overexpressing HeLa cells.